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(57) Abstract 



A suspension system for a wheeled vehicle including 
a double acting ram (13, 14, 17, 18) connecting respective 
wheels to the vehicle body. Each ram has an upper and 
a lower chamber, a conduit (8, 8a, 10, 10a) individually 
connecting the upper chamber of a respective ram with the 
lower chamber of the diagonally opposite ram. Load unit 
(40) is connected between conduits (8, 8a, 10, 10a) to sub- 
stantially equalise pressure therebetween and consequently 
loadings between wheels. A sensor (364) indicates the height 
of each pair of diagonally opposite wheels. A control unit 
(68) receives signals from wheel height sensors (360, 361, 
362, 363) and sensor (364) to control valves (67) which ad- 
just the quantity of fluid in the rams and the conduits to 
facilitate optimum position and load equalisation for each of 
the wheels. 
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VEHICLE SUSPENSION SYSTEM 

This invention relates to improvements in the suspension 
system for a vehicle, and is specifically related to controlling the disposition of 
the vehicle body relative to the vehicle wheels when the vehicle is subject to 
5 load distribution variation. 

In recent times there has been a trend towards resilient 
sprung suspension systems incorporating variable damping and spring rates in 
an attempt to improve vehicle stability and reduce movement of the vehicle body 
relative to the surface being traversed. Some more advanced suspension 

10 systems, commonly referred to as active and semi-active suspensions, 
incorporate a number of electronic sensors which monitor information such as 
vertical wheel travel and body roll, as well as speed, acceleration, steering and 
braking commands. This and other data is processed by a computer which 
instructs hydraulic or pneumatic^actuators~to-override-the-normal-funct4on^of- 

15 resilient springs in order to interpret, compensate and adjust the suspension's 
performance to suit speed, terrain and other factors in order to maintain a level 
ride and controlled distribution of weight onto all wheels. These suspension 
systems require an external intelligent back-up system, and call for substantial 
input of external energy, drawn from the vehicle engine, to operate the actuators 

20 that affect the adjustment to the suspension system. 

A range of constructions of 'active' and 'semi-active 1 
suspensions for vehicles have been proposed including systems operating on 
the basis of compression and/or displacement of fluids and such systems 
currently in use incorporate a pump to maintain the working fluid at the required 

25 pressure and effect the high speed distribution thereof, and sophisticated control 
mechanisms to regulate the operation of the suspension system in accordance 
with sensed road and/or vehicle operating conditions. These known systems 
incorporating pumps and electronic control systems, which are both required to 
operate substantially continuously while the vehicle is in operation, are 
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comparatively expensive to construct and maintain, and require energy input, 
and therefore have limited acceptability in the vehicle industry. 

There is disclosed in Australian Patent Application No. 
65015/90, a vehicle having a load support body, and a pair of front ground 
5 engaging wheels and a pair of rear ground engaging wheels connected to the 
body to support same, and wherein each wheel is displaceable relative to the 
body in a generally vertical direction. Interconnected between each wheel and 
the body is a fluid ram including first and second fluid filled chambers that vary in 
volume in response to vertical movement between the respective wheels and 
1 0 the body. 

The first chambers of the front and rear wheels on each side 
of the vehicle are in communication by respective individual first fluid circuits. 
Simiiariy ihe second chambers of the front wheeis and of the rear wheeis are in 
communication by respective individual second fluid circuits. This construction 

1 5 provides, when the vehicle is in use, substantially the same fluid pressure in the 
two chambers of any ifrdividual~fluid-circuit-thereby-inducfng-all-wheels^to- 
maintain tractive ground engagement. In practice at least one and preferably 
each of said individual fluid circuits include at least one pressure accumulator, 
and preferably also a damping device operable to at least partially dissipate 

20 pressure shock in the fluid circuit or circuits. 

The vehicle suspension above described differs greatly from 
all the known systems in that the wheel travel is not dependent upon progressive 
resilient suspension mechanisms which require variable reactions to the many 
ever changing conditions experienced by the vehicle. This allows free vertical 

25 travel of the individual wheels with respect to the vehicle body or chassis without 
having to first overcome the resistance of the conventional springing 
mechanisms normally incorporated between the wheels and the vehicle body. 
Thus, the wheels are individually unrestrained and free to move to follow the 
undulations of the surface being travelled without continually changing the 

30 vehicle weight distribution between the individual wheels. This reduction or 
elimination of changes in weight distribution significantly improves the traction 



BNSDOCID: <WO 9511813A1J_> 



WO 95/11813 



PCT7AU94/00646 



3 

between the wheels and the surface being traversed and the handling 
characteristics of the vehicle. 

A further development of the above described suspension 
system is disclosed in Australian Patent Application No. 23664/92. In that 
5 suspension system a front wheel ram and the diagonally opposite rear wheel 
ram have the upper chamber of the front ram interconnected with the lower 
chamber of the rear ram and the lower chamber of the front ram interconnected 
to the upper chamber of the rear ram. Similarly the respective chambers of the 
other front ram and rear ram are likewise interconnected. There is thus provided 

10 two individual fluid circuits, each comprising a front ram and a diagonally 
opposite rear ram. Each of the conduits interconnecting the respective upper 
and lower chambers has a conventional pressure accumulator in 
communication therewith. The two circuits are interconnected to the load 
distribution unit arranged to maintain equi-pressure in the two circuits as is 

15 described in detail in the previously referred to Australian Patent Application No. 

23664/92. ~ 

As most vehicles are non-symmetrically loaded for a large 
portion of the operating time thereof such that loads carried are located so the 
rear wheels carry more weight than the front wheels, or the load is closer to one 

20 side than the other, thus causing the vehicle body to tilt towards the heavier side 
or end. 

It is therefore the object of this invention to provide a vehicle 
suspension system which determines changes in the vehicular height and 
inclination and adjusts the fluid in appropriate circuits to reinstate or rectify the 

25 optimum relative heights. 

With this object in view, there is provided a vehicle 
suspension system for a vehicle body supported by a plurality of wheels 
arranged in lateral and longitudinal spaced relation to the vehicle body, 
including individual fluid ram means arranged between each wheel and the 

30 vehicle body, each fluid ram means including a double acting ram having an 
upper and lower chamber, conduit means individually communicating the upper 
chamber of .the respective rams with the lower chamber of the respective 
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diagonally opposite ram to provide fluid circuits therebetween, sensor means 
adapted to generate a signal indicative of the positional relation of each of the 
wheels relative to the vehicle body, control means arranged to receive said 
signals and determine the average height of the vehicle body relative to selected 
5 pairs of orthogonally adjacent wheels at a selected location between the 
respective pair of orthogonally adjacent wheels, and adjustment means 
operable in response to variation of said determined average heights from a 
respective preset datum height for each said pair of wheels to adjust the quantity 
of fluid in said circuits communicating with the rams of said orthogonally 
1 0 adjacent wheels to establish said preset datum height between the orthogonally 
adjacent wheels and the vehicle body at said selected locations. 

Preferably the control means is adapted to receive said 

oi«r>r>lp» 4rr\rr\ oonh coi/^ fry*\c*r\r rv\ /»» r» *%r*r4 r\ in^n^/M^^/\r«Mt < *U«. 

«9l^l«Cil«9 ■■Will WrbhWI* «UIW W9lli»VI • I I WU) I U, UMW 1W II IVJ^pCMUCI Illy UWI I I^Jd I ^ LI IC 

average height of each orthogonally adjacent wheel with the preset datum 

15 height of said two wheels. This determination is made in respect of each pair of 
orthogonally adjacent wheels in sequence, such as front left - front right; rear left 
- rear right; and then front left - rear left; front right - rear right; and the 
adjustments are made in a corresponding sequence. This process is repeated 
until the height pf the vehicle body relative to the wheels is at the required 

20 respective datum height. The adjustment means is preferably arranged to 
operate to individually adjust the volume of fluid in the respective fluid circuits 
connecting the diagonally opposite front and rear wheels to provide the required 
positional location of the body relative to the wheels. 

Conveniently, a said respective sensor means is provided to 

25 sense the position of each wheel relative to the vehicle body and provide an 
input to the control means indicative of that positional relationship. The control 
means determines from the individual inputs from the sensor means, the 
average height of the vehicle body between each two orthogonally adjacent 
wheels and compares this average height with the relevant preset datum height. 

30 The preset datum height may be adjustable. For example, the datum height can 
be adjusted manually or by the control means in dependence on the operational 
status of the vehicle. 
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A load distribution means may conveniently be operably 
interposed between the fluid circuits and adapted to at least substantially 
equalise the pressure in said fluid circuits and thereby at least substantially 
equalise the loading on each wheel, the load distribution means having a body 
5 supporting at least one displaceable member, the displacement of said 
displaceable member being a function of the average height of each pair of 
diagonally opposite wheels, wherein a further sensor means is provided for 
generating a signal indicative of the positional relation of the at least one 
displaceable member relative to the body of the load distribution means, the 

10 control means being adapted to receive the signal from the further sensor means 
and to determine and compare the said average height with the position of the 
displaceable member, the adjustment means adjusting the quantity of fluid in the 
fluid circuits to return the position of the displaceable member to an optimum 
position for facilitating the load equalisation on each of the wheels. 

1 5 The body of the load distribution means preferably includes 

at least two chambers; each chamber supporting a said displaceable member in 
the form of a piston rod carrying a piston separating the chamber into inner and 
outer minor chambers, the minor chambers being in fluid communication with 
opposing said fluid circuits, whereby any pressure differential between the fluid 

20 in the minor chambers results in displacement of the piston rod. 

The piston rods of each chamber may be operably 
interconnected to transfer force therebetween. Alternatively, the piston rods may 
be separately movable, a separate said further sensor means may be provided 
for each said piston rod to enable the control means to determine the relative 

25 position of each piston rod, the outer minor chambers of each chamber may be 
in fluid communication to enable the adjustment means to adjust the fluid within 
each said outer minor chamber to thereby control the relative position of the 
piston rods. 

The adjustment means may include pump means and valve 
30 means under the control of the control means, for example an ECU, to supply or 
withdraw fluid from selected fluid circuits to effect the necessary adjustment to 
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the position of the wheels relative to the vehicle body to achieve the necessary 
correct average height corresponding to the relevant datum height. 

Pressure transducers may be located on at least one of the 
conduit means and between the pump means and the valve means for providing 
5 signals to the control means to thereby prevent any unnecessarily high pressure 
in the system. This can arise when the vehicle is adjusted for a fully laden 
vehicle, but the vehicle is actually unladen. 

Suspension systems of the general type to which the 
present invention applies employing fluid actuated rams, conveniently provide in 

10 each fluid circuit a pressure accumulator to establish a degree of resilience 
within the fluid circuit, and hence in the suspension system. Accordingly, as the 
total weight of the vehicle varies, such as, as a result of adding or removing 
people or load from the vehicle body, the pressure in the fluid circuits will vary 
resulting in a variation in the volume of fluid in the accumulator as a 

15 consequence of compression of the gas in the accumulator. 

Thus, the quantity of the fluid in the accumulator may vary 
with variations in operating conditions thus, resulting in a variation in the actual 
amount of fluid in the circuit, excluding the amount of fluid in the accumulator, 
resulting in a lowering of the body with respect to the wheels. This will result in 

20 the signals from the sensor means communicating to the control means a 
lowering of the average height of the one end and or side of the vehicle body. 
When such conditions are detected by the control means, the latter initiates 
operation of the pump means and actuate the appropriate valve means to supply 
further fluid to that circuit to return the vehicle body to its selected normal 

25 operating height. Upon subsequent removal of the additional load, the resulting 
reduction in pressure in the fluid system will result in the return of fluid from the 
accumulator to the fluid circuit and necessitate the draining of fluid from the 
circuit to a reservoir to again establish the nominal correct height of the vehicle 
body with respect to the wheels. The above discussed departure of the vehicle 

30 height from the selected datum can also arise from leakage of fluid from one or 
more of the fluid circuits, and can be corrected is the manner as above 
described. 
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The control means may preferably include a plurality of 
operational modes, providing differing rates of adjustment in dependence on the 
variance of the attitude of the vehicle from the preset datum height and the 
operational status of the vehicle, for example whether the vehicle is in use or is 
5 parked. The operational modes mayi for example, include "initial set up", 
"intermediate" and "fine" adjustment cycles whilst the vehicle is in use and a 
"sleep" mode when it is parked. 

Lock out valve means may preferably be located in at least 
one of the conduit means for selectively preventing flow of fluid therethrough. 
10 This "locks out" the resilience in the system or completely prevents ram 
movement which is desirable under certain circumstances, for example when 
the handbrake is applied. 

It will be convenient to further describe the invention by 
reference to the accompanying drawings which illustrates possible 
1 5 embodiments of the invention. Other embodiments of the invention are possible 
and consequently the particularity of the accompanying drawings is not to be 
understood as superseding the generality of the preceding description of the 
invention. 

In the drawings: 

20 Figure 1 is a diagrammatic layout of a vehicle chassis and 

wheel assembly incorporating the basic suspension system to which the present 

invention is applicable; 

Figure 2 is a fluid circuit diagram of the suspension system 

shown in Figure 1 incorporating a load distribution unit; 
25 Figure 3 is a diagram of a control system for the 

management of suspension system as shown in Figure 2 by the application of 

the present invention; 

Figure 4 is a fluid circuit diagram of the suspension system 

incorporating an alternative embodiment of the load distribution unit; and 
30 Figure 5 is a schematic diagram showing further details of 

the control system. 
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Figures 1 and 2 shows the suspension system discussed in 
Australian patent application No. 23664/92, details of which are incorporated 
herein by reference. Referring initially to Figure 1 , the vehicle chassis 5, is 
supported by four wheels 1 to 4 respectively through parallel wishbone type 
5 linkage 6, for front wheels 1 and 2 and trailing arms 6a for rear wheels 3 and 4, 
the construction of each being well known. Other known forms of linkage for 
connecting vehicle wheels to a chassis could be used if preferred. It is however 
to be noted that no springs, torsion bars, roll or stabiliser bars or other resilient 
mechanical suspension elements are necessary between the chassis and the 
10 respective wheels. 

A respective double acting ram is interconnected between 
the chassis 5 and the linkages 6 and 6a connecting each wheel to the chassis 5. 

MIC It Wl II Cll t\J ICQI IQIIIO Utl IHC7 IDIl OIUC III I IIJUI I OIC MUIUUCICU I O Cll IU 1/ 

respectively and on the right side 14 and 13 respectively. Each of the rams have 

15a cylinder coupled as at 50 to the chassis 5 and a piston therein dividing the 
cylinder into two chambers indicated as 17a and 17b in respect of cylinder 17 
and 18a and 18b in respect of ram 18. The other two cylinders 13 and 14 are of 
the same construction and are similarly identified. The piston of each ram is 
connected to the respective wheel through the linkage 6 so the piston will 

20 reciprocate in the cylinder in response to movement in the general vertical 
direction of the wheel relative to the chassis 5. 

The diagonally opposite rams 18 and 14 have the upper 
chamber 18a and lower chamber 14b in communication by the conduit 10, and 
lower chamber 18b and upper chamber 14a in communication by the conduit 8. 

25 Similarly the upper and lower chambers of the rams 17 and 13 are in 
communication, chambers 17a and 13b by the conduit 8a and chambers 17b 
and 13a by conduit 10a. 

The conduits 8, 8a, 10 and 10a interconnecting the four 
double acting rams 13, 14, 17 and 18, which support the chassis 5, each has at 

30 least one pressure accumulator 27, 21, 22 and 28 in communication therewith, 
and are primarily responsible for providing resilience in the suspension as do 
springs in most prior art sprung suspensions. If the fluid used in the rams and 
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connecting conduits is compressible, such as a gas, accumulators are not 
required as the compressible fluid itself provides the required level of resilience. 
It is preferred, as shown in Figure 2, that additional optional accumulators 23, 24, 
29 and 30 are provided in each of the conduits, 8, 10, and 8a, 10a respectively. 
5 These accumulators, when provided are preferably smaller and matched in size 
and close to the lower chambers of the rams thus allowing the fluid in the lower 
chambers to be expelled quickly and provide resistance to shock loading when 
the wheels may be thrust down and could damage the pistons and cylinders. 
The provision of accumulators in general also enable faster reactions or 

10 responses to ram movements, as frictional losses are minimised. 

All accumulators preferably are located as near as practical 
to their associated rams to provide an immediate and accurate response to fast 
dynamic forces arising when the vehicle is travelling fast. 

When the above described suspension is fitted to normally 

1 5 slow moving vehicles, such as cranes, it is appropriate to incorporate only a 
" single accumulator in each conduit, and to locate the accumulator near to the 
connection of the ram to the conduit. In such vehicles the accumulators may be 
provided with an isolating means, such as a solenoid valve, to reduce the 
resilience of these particular circuits when under heavy load. Additionally and 

20 conversely there can be multiple accumulators in any circuit and each 
accumulator may be precharged with gas to a different pressure to provide a 
progressive range of spring rates to suit different loading situations. The 
accumulators can each be provided with damping valve in the throat thereof to 
perform the same function as so called shock absorbers in other vehicles 

25 suspension systems. 

Flow control devices such as indicated at 31 , 32, 33 and 34 
in Figure 1 may be provided in any or each of the conduits to reduce the rate of 
the fluid flow to ensure that the rams at either end of the conduits communicate 
directly at a relatively slow speed, as arises when the vehicle is traversing rough 

30 ground requiring large wheel travel motions, and optimum low ground pressure 
on all wheels. At high speeds the small dynamic wheel travel motions are best 
resolved primarily by the accumulators. 
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Any of the conduits may be provided with flow control 
devices of a variable nature or other means to vary and even stop the flow along 
the conduits between the connected rams. An example of such a valve may be 
a solenoid valve controlled by an ECU which processes a variety of information 
5 from sources such as accelerometers or pressure transducers and thereby 
cause the sudden or gradual closure of the valves. 

The above construction of the suspension system results in 
the movement of wheels 1 and 3, relative to the chassis 5, under the control of 
double acting rams 18 and 14, being in the same direction due to the 
10 arrangement of the interconnecting conduits 8 and 10. The movements are also 
approximately equal except for such difference as may arise from the fluid 
passed to the accumulator or accumulators coupled to the conduits 8 and 10. 

1119 OUI ■ I WWI lUUIWllia PAi^k II I i t v*i tiiw vviiwwiw — r mi w#* 

The above interactions between the respective rams 
15 associated with each wheel of the vehicle effects control of roll when the vehicle 
is turning, particularly when turning at speed, and control of pitch when the 
vehicle is braking or acceleration, particularly severe braking or acceleration. 

The suspension system shown in Figure 1 is illustrated 
diagramrnatically in Figure 2 and in addition incorporates a load distribution unit 
20 40 with which each of the conduits 8, 8a, 10 and 10a are in direct independent 
communication. The load distribution unit 40 comprises a body 41 having in one 
embodiment a cylindrical bore 42 closed at each end 43 and 44 and divided into 
two major chambers 46 and 47 by the intermediate fixed wall 45. Respective 
pistons 48 and 49 are provided in the major chambers 46 and 47 respectively 
25 each mounted on the common piston rod 51 which extends in sealed relation 
through the intermediate wall 45 and each closed ends 43 and 44 of the body 
41. This arrangement results in each side of the respective pistons having the 
same area. 

The pistons 48 and 49 and the piston rod 51 can move in the 
30 cylindrical bore 42 providing four variable volume minor chamber 55, 56, 57 and 
58, with minor chambers 55 and 57 varying in the same direction in response to 
piston movement, and minor chambers 56 and 58 varying in the same direction 
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but in the opposite direction to minor chamber 55 and 57 for the same piston 
movement. The conduits 8 and 10, forming the fluid circuit between diagonally 
opposite fluid rams 18 and 14, communicate with minor chamber 55 and 57 by 
branch conduits 60 and 61. Similarly conduits 8a and 10a, forming the fluid 
5 circuit between diagonally opposite rams 17 and 13, communicate with minor 
chambers 56 and 58 by branch conduits 62 and 63. 

In the initial setting up of the suspension the fluid in the 
chambers 55, 56, 57 and 58 are adjusted so that the pistons 48 and 49 are each 
located substantially centrally in the respective major chambers 47 and 46 with 

10 the pressure in each chamber equal. 

When operating the vehicle, if the net pressure in minor 
chambers 55 and 57 is greater than the net pressure in minor chambers 56 and 
58 a force will exist to effect displacement of the pistons 48 and 49 upwardly as 
seen in Figure 2 to achieve a balance between the respective net pressures. 

15 This in turn will displace fluid from chambers 56 and 58 into the respective 
conduits 8a and 10a to bring about a balanced pressure in all of the double 
acting fluid rams 13, 14, 17 and 18 thereby achieving substantially uniform load 
distribution between all four wheels 1, 2, 3 and 4, independent of the respective 
position of each wheel relative to the chassis 5. 

20 This pressure balance between the fluid in the respective 

circuits is important to achieve when variation in wheel positions is relatively 
large as encountered in traversing terrain of substantial irregular surface, such 
as encountered in off-road vehicle operation, and where wheel movement is of 
relatively lower frequency but of substantial magnitude. In such operating 

25 conditions, it is most desirable to retain substantially even load distribution to all 
wheels in order to maintain traction and prevent bogging of the vehicle. Also in 
such conditions it is important to reduce lateral tilting of the vehicle to improve 
driver and passenger comfort, and safety from rolling over of the vehicle. The 
load distribution unit 40 operable as above discussed affects the necessary 

30 transfer of fluid to maintain substantial even load distribution between all four 
wheels and reduced chassis tilting movement. 
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Although the present invention is applicable directly to the 
suspension system disclosed in Australian application No. 23664/92 as shown 
in Figures 1 and 2, it is however also applicable to suspension systems of 
alternative constructions. 
5 Referring now to Figure 3 of the drawings, there is illustrated 

therein the suspension system shown in and described with reference to Figures 
1 and 2, modified to incorporate the present invention. In Figure 3, the same 
reference numerals are used for components corresponding to those shown in 
Figures 1 and 2. The additional components comprise wheel position sensors 
10 360, 361, 362 and 363 associated with wheels 1, 2, 3 and 4 respectively and 
arranged to generate respective signals indicative of the position of the wheel 
relative to the vehicle body 5. Also there is provided a centrally positioned 

nr» a a. _ ^ ~. a. i _ _ _l xi —J rr * x _ *i i i. . a m _ t 
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the load distribution unit 40. In addition there is provided a pump 65, a fluid 

15 reservoir 66, a bank of valves 67 and an electronic control unit (ECU) 68. 

The bank of valves 67 control the supply of fluid by the pump 
65 to the respective conduits 8, 8a, 10 and 10a and the return of fluid from the 
conduits to the reservoir 66. The individual valves of the valve bank 67 are 
controlled by the ECU 68 in response to signals from the position sensors 360, 

20 361, 362, 363 and 364 as hereinafter described. The valves of the valve bank 
67 can be activated to couple the pump 65 to any one or a number of the 
conduits and also one or a number of the conduits to the reservoir 66. 

The ECU 68 is programmed to receive respective signals 
from the wheel position sensors 360, 361, 362 and 363 and determine the 

25 average height of the vehicle body 5 between selected pairs of orthogonally 
adjacent wheels. The average height between every pair of orthogonally 
adjacent wheels , that is the average height between wheels 1-2, 2-3, 3-4 and 4- 
1 , can be determined. It is also possible to limit the determination of the average 
height to only between selected pairs of orthogonally adjacent wheels. The 

30 ECU 68 is further programmed to compare each determined average height with 
a respective pre-selected 'desired' for each wheel pair height. If the determined 
average height differs from the pre-selected desired average height beyond a 



BNSDOCID: <WO. 



_9511B13A1J_> 



WO 95/11813 



PCT/AU94/00646 



13 

preset tolerance, the ECU will activate the appropriate valves of the valve bank 
67 to supply or remove fluid to or from the appropriate conduits to bring the 
average height within the allowed tolerance. 

The piston rod 51 of the load distribution unit 40 should be 
5 located such that the pistons 48 and 49 are each located substantially centrally 
in their respective chambers 47 and 46 when the vehicle is level and on level 
ground. This maximises the degree of travel allowed to the pistons 48, 49 within 
the load distribution unit body 41. The ECU 68 is therefore programmed to 
maintain the piston and 51 in its central position when the vehicle is level and on 

10 level ground. However, during "articulation" of the wheels, the piston rod 51 
moves away from its central position by an amount related to the degree of 
articulation of the wheels. Articulation of the wheels is where a pair of diagonally 
opposite wheels move together in the same direction and the other pair of 
1 diagonally opposite wheels move together but opposite to the previous diagonal 

15 and articulation can occur when the vehicle is travelling over or resting on an 
uneven surface. To ensure that sufficient clearance is maintained for movement 
of the pistons 48, 49 so as to allow the maximum degree of articulation for the 
wheels, the ECU 68 is also programmed to maintain the optimum position of the 
piston rod 51 relative to the degree of articulation of the wheels such that the 

20 piston rod 51 returns to its central position when the vehicle is on a level surface. 

To this end, the ECU 68 is programmed to average the 
height of at least one pair of diagonally opposite wheels, namely wheels 1 and 3 
and/or wheels 2 and 4 from the information provided by the wheel position 
sensors to thereby assess the degree of articulation of the wheels. The average 

25 height of each pair of diagonally opposite wheels is compared to the signal from 
the position sensor 64, which measures the relative position of the piston rod 51 
in the load distribution unit 40 and its body 43. The ECU 68 determines the 
difference between the preset datum height and the average height of each pair 
of the diagonally opposite wheels. If the position of the piston rod 51 relative to 

30 the load distribution unit body 41 is different to the optimum position for the 
above determined difference, then the ECU 68 will activate the appropriate 
valves in the valve bank 67 to supply or remove fluid to or from the appropriate 
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conduits until this deviation from the optimum position is corrected to within the 
allowed tolerance. 

The combination in a control loop of any order of the above 
orthogonal body height adjustment and the diagonal load distribution unit 
5 adjustment will result in a vehicle levelled at the desired height with the load 
distribution unit in its optimum position, ensuring even load distribution to all 
wheels, even when the levelling is carried out on uneven ground. Should the 
vehicle now be placed on level ground the body will be level and the load 
distribution unit piston rod 51 will be centred in its stroke. 
10 By way of example, if the average height of the vehicle body 

midway between the two front wheels 1 and 2 is determined by the ECU 68 to be 
too low, valves in the valve bank 67 are activated to pump fluid from the reservoir 

66 into conduits 10 and 10a via the chambers 57 and 58 of the distribution unit 
40 and to return fluid from conduits 8 and 8a to the reservoir 66. This supply of 

15 fluid to the conduits 10 and 10a will extend the hydraulic rams 18 and 13 
respectively to thereby raise the front of the vehicle body. The supply of fluid to 
the conduits 10 and 10a is effected for a period of time determined by the ECU 
68 that can be in proportion to the degree that the average front height of the 
vehicle is outside the allowed tolerance. 

20 The average of each of the orthogonally opposite wheel 

positions, the average of the diagonally opposite wheel positions and the load 
distribution unit position are measured and calculated on by the ECU 68 in a 
control loop. In each control loop the EGU 68 activates valves in the valve bank 

67 to correct the level. Due to the interrelationships of the system this may take 
25 several control loops to effect the required level. The ECU 68 loops at a speed 

and the valves and pump are sized to allow this levelling to be performed 
quickly. 

The above described vehicle body height management 
procedure enables the controlled distribution of fluid to the rams mounted 
30 between the respective wheels and the vehicle body to maintain a 
predetermined height of the vehicle, body relative to the wheels. It will be 
appreciated that the control is achieved by adding or removing fluid from the 
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larger cross-sectional area end of each ram (the top end in the configuration as 
shown in the drawings) and a reverse fluid transfer from the opposite or smaller 
cross-sectional end of each ram being achieved by the manipulation of selected 
valves in the valve bank 67 under the control of the ECU 68 to supply fluid from 
5 the reservoir via the pump 65 or return fluid to the reservoir. 

In the description of the vehicle height control system 
reference has been made to the ECU 68 comparing the average height of the 
vehicle between each two orthogonally adjacent wheels against a preset height 
stored in the ECU 68. However it will be appreciated that the desired height of 

10 the body is related to the nature of the surface being traversed, as for example in 
highway conditions the vehicle is preferably lower than when in off-road terrain. 
Accordingly, the ECU 68 is programmed with a number of preset average 
vehicle heights whereby the vehicle driver can select the appropriate preset 
height for the prevailing surface conditions. Typically, a range of 5 or 6 preset 

1 5 heights are provided in the program, which are manually selectable by the driver 
or -automatically by the ECU 68: 

It is desirable that adjustment to the vehicle height not be 
effected in response to relatively short term departures from the preset average 
height and it is therefore preferable to program the ECU 68 to effect corrective 

20 action only after departure from the preset average height has existed for a 
nominated period such as thirty seconds. This delay will normally result in 
height correction not being effected when the body of a vehicle rolls slightly 
when the vehicle is cornering. 

In the preceding descriptions, specific reference has been 

25 made to hydraulic systems providing the supporting connection between the 
wheels and the vehicle. It is however to be understood that pneumatic or other 
fluid systems can equally be used within the scope of the invention as herein 
described. 

In order for the ECU 68 to be universal in its application, it is 
30 equipped with a power supply adaptor that converts the vehicles power supply 
to a voltage that is acceptable to the remiainder of the ECU 68. It must contain a 
scaling circuit for the outputs of the position sensors so they can be correctly 
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compared, a low pass filter circuit to remove any noise from the signals, a 
microprocessor, with appropriate program, or discrete logic to complete the 
required averaging, timing and comparing functions and a driver circuit to switch 
the valves. 

5 As noted previously, the ECU 68 may have a number of 

operational modes, being for example, while the vehicle is in use, an "initial set- 
up" mode, an "intermediate" mode and a "fine" mode. There may preferably be 
an additional "sleep" mode for when the vehicle is parked and not in use. The 
distinction between the various modes is that the ECU 68 alters the rate at which 

10 adjustments are made to the vehicle attitude from one mode to another. When 
the ECU 68 detects an input indicating a need for rapid adjustment (for example, 
when the vehicle is started up initially, the ECU 68 is switched to automatic from 
manuai adjustment, or ihe height seiecior is changed) it automaticaiiy switches 
to its "initial set-up" mode. This mode makes continual, large adjustments to the 

15 volume of fluid in each circuit until the attitude of the vehicle is detected to be 
within a first wide "dead band". When the ECU 68 passes through the same 
program loop a number of times without making any alterations to the vehicle 
attitude it changes mode to "intermediate" mode. The "initial set-up" mode may 
only be invoked again when one of the above conditions indicating the need for 

20 rapid adjustment is satisfied. In "intermediate" mode a second, finer "dead band" 
is used to determine when adjustments should be made. The pulses of fluid 
entering and leaving the fluid circuits in "intermediate" mode may be regulated 
by opening the valves for a short time only. The ECU 68 may only operate in this 
mode for a set amount of time before reverting to its "fine" mode in which it will 

25 preferably be for the majority of the time. In this mode it may be able to make 
adjustments less frequently than in "intermediate" mode (for example in a ratio of 
1:10), although adjustments may still be made only when the attitude of the 
vehicle is detected to be outside the second, finer dead band. If the attitude of 
the vehicle drifts to be outside the first coarse dead band the ECU may be 

30 programmed to revert to "intermediate" mode. 

It should be appreciated that the individual operational 
modes of the ECU 68 described above could be replaced with a single, 
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continuously variable operational mode. This mode could have variable vehicle 
attitude sample rates and/or variable valve opening (or pulse) lengths, for 
example. 

The "sleep" mode is intended to ensure that the vehicle will 
5 settle with a level attitude whenever it is left parked and unused. Usually if any 
seal in the system is less than perfect, fluid will gradually leak from the circuit It 
should be in, either into another circuit or back to the tank. Over a period of time 
this will cause the vehicle to settle with an uneven attitude which is obviously 
undesirable. In order to counter this the ECU 68 may continue to monitor the 
10 attitude of the vehicle, even in "sleep" mode. This monitoring may be either 
continuous at an extremely slow sample rate or short periods of faster samples. 
As with the other modes it is necessary to take several samples to avoid the 
possibility of erroneous signals misleading the ECU 68 into performing 
unnecessary adjustments. At set intervals the ECU 68 can then send signals to 
* 15 the system outlet valves to level the vehicle. Preferably adjustments may only be 
- made when the wheel position sensors indicate that the attitude of the vehicle is 
outside the coarse dead band used in other modes. 

Additionally, to reduce the harshness of the vehicle 
movement due to the pulses of fluid entering and leaving the system as 
20 adjustments are made, the ECU 68 may be used to operate the solenoid 
operated valves more discreetly by slowing the rate at which the valves open 
and close. This may be done by "ramping up" the signal or by sending 
extremely rapid electrical pulses to the solenoid, gradually growing in length 
until the valve is held fully open. A similar technique may be used in closing off 
25 the valves to smooth the change between fully open and fully closed. 
Alternatively the same smoothing effect may be accomplish through the use of 
flexible walled hose for the control lines between the valve block and the system. 

One advantage of having a number of operational modes or 
a continuously variable operational mode is that the pump 65 and bank of valves 
30 67 do not need to be constantly in operation and can be "rested" over certain 
periods thereby reducing mechanical wear of these components. 
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For some vehicles used in specialised applications it may be 
desirable to be able to "lock out" the resilience in the system or completely 
prevent the rams from moving. This may be accomplished by providing valves 
(preferably solenoid operated lock-out valves although other types of valve may 
5 be used) between the top chambers of the rams and the accumulators and/or the 
system conduits. These valves may preferably be operated by the ECU 68 
which may activate the valves when a set of conditions are met or when a switch 
is depressed. To prevent the lock-out valves being actuated whilst the vehicle is 
in motion, the ECU 68 may be programmed to only actuate the valves when both 
1 0 the switch is depressed and a set of conditions have been met, for example the 
handbrake is applied. 

The ECU 68 may also be used to control the operation of the 

<rj vjivi 1 1 puntp iw picvciu it iiwiii vwi mi iucuiy oufjjjiyiny ai i ui 11 it?Ut?S&»al IIV IcHVIt? 

head of pressure, sufficient to be able to adjust a fully laden vehicle, when the 
15 vehicle is unladen and the system pressures are lower. Preferably two pressure 
transducers (not shown) are provided on the vehicle, one in one of the top rear 
system conduits to indicate the system pressure to the ECU 68, and the other 
between the pump and the valve block inlet port. The ECU 68 may then operate 
the pump to maintain a set head of pressure above the system pressure for any 
20 variety of weight configurations. 

It will be appreciated that the controller can take many forms 
and be programmed to receive inputs relating to other areas of the vehicle 
operation. However, it is to be understood that the controller does not function in 
a manner analogist to an active suspension. More particularly, the present 
25 invention is directed to adjusting the suspension system to correct the changes 
in the load and/or load distribution and not changes in the road or terrain being 
traversed. 

The above described control system can also be used in the 
control of a suspension system fitted with an alternative embodiment of the load 
30 distribution unit as disclosed in Australian provisional application no. PM4092. 
An alternative embodiment of the load distribution unit is illustrated in Figure 4, 
and corresponding reference numerals are used for equivalent components of 
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the suspension system shown in Figures 1 to 3. This load distribution unit 140 
has the ability to control pitch and accommodate large variations in vehicle load. 
For example, if a significant load is added to the rear of the vehicle the pistons 
128 of the load distribution unit 140 will be urged closer together due to the 
5 increased pressure in the rear chambers 132,133 thereof. To compensate for 
the increased load from the rear chambers, additional fluid may be introduced 
into the outer chambers 160 to increase the pressure acting on the ends of the 
front rods 164,166 thereby allowing the pistons 128 to return to their correct 
operating positions despite the increased load in the vehicle. Conversely, it may 

10 be necessary to release fluid from the outer chambers 160 to compensate for 
removing load from the vehicle. Therefore, for a set pressure in the centre 
chamber 162 (ideally achieved through the use of a pressure regulator valve) 
the load distribution unit 140 may be controlled to compensate for changes in 
the load in the vehicle. 

15 To control the necessary flow of fluid to and from the 

alternative load distribution unit 140, an additional load distribution unit position 
sensor (not shown) is required to enable the position of each piston 128 to be 
ascertained. In order to achieve the correct positioning of said pistons, the ECU 
averages the load distribution unit piston position sensor signals to attain the 

20 desired initial spacing between the pistons 128 by supplying or releasing fluid 
from the outer chambers 160. This extra function is incorporated into the control 
loop for the other load distribution units as described earlier. All the other 
functions remain identical. 

Figure 5 is a schematic diagram showing further details of 

25 the control system for use in the above mentioned suspension system. Fluid is 
stored in the fluid reservoir 66. The pump 65, pressure transducer 201 and 
accumulator 202 are adapted to maintain a constant pressure in fluid supply line 
203 independent of the flow requirements in the following system. 

The bank of valves or control manifold 67 contains a number 

30 of valves 204 for controlling the flow of fluid through the control lines 
205,206,207,208,209, and 210 to the load distribution unit 140. Fluid is supplied 
from the reservoir 66 through supply line 203 and is returned to the reservoir 66 
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through drain line 211. The control lines 205,206,207 and 208 are respectively 
connected to the branch conduits 62,60,61 and 63 extending from the fluid 
circuits. Control lines 209 and 210 are connected to the outer chambers 160 of 
the load distribution unit 140. 
5 The ECU 68 receives inputs 212 relating to various 

parameters including wheel cylinder extensions, load distribution device piston 
positions, ignition switch position, speed, acceleration values, desired height set 
point, auto/manual and manual attitude joystick positions. The resulting outputs 
213 control the valves within the control manifold 67. 
10 Each manifold valve 204 is controlled by the ECU 68 to 

supply fluid to the respective control line. A check valve 214 prevents each 
valve 204 passing fluid back to the pump 65 when the pressure in the supply 
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example, when the vehicle hits a large bump. A further valve 215 controlled by 

15 the ECU 68 allows fluid to be drained through branch drain lines 217 from 
respective control lines to the drain line 211. A restrictor 216 is provided on 
each branch drain line 217 to limit the rate the drainage of fluid to about the 
same as the rate that fluid is supplied by the pump 65 to the respective control 
line. This provides for smoother control. The same arrangement is provided for 

20 each of the control lines 205,206,207 and 208. Another ECU and a pressure 
transducer 230 provides the control for the valves 204 and 215 connected to 
control line 210. This control loop ensures that pressure is regulated in one 
outer chamber 160 of the load distribution unit 140. Control line 209, In 
conjunction with the above pressure regulating circuit, adjusts the positioning of 

25 the load distribution unit pistons 128. A pressure relief valve 221 is incorporated 
into this circuit to prevent accidental overpressurising of the circuit due to 
improper operation when the ECU 68 is disconnected, for example when the 
vehicle is being serviced. 

Lockout valves 222 and 223 are controlled by the ECU 68 to 

30 isolate the load distribution unit 140 when required to prevent movement in 
response to Inputs to the ECU 68 relating to, for example the speed and 
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acceleration of the vehicle. This can change for example the vehicle's handling 
under certain situations. 

5 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. A vehicle suspension system for a vehicle body supported 
by a plurality of wheels arranged in lateral and longitudinal spaced relation to 

5 the vehicle body, including individual fluid ram means arranged between each 
wheel and the vehicle body, each fluid ram means including a double acting ram 
having an upper and lower chamber, conduit means individually communicating 
the upper chamber of the respective rams with the lower chamber of the 
respective diagonally opposite ram to provide fluid circuits therebetween, sensor 
10 means adapted to generate a signal indicative of the positional relation of each 
of the wheels relative to the vehicle body, control means arranged to receive 
said signals and determine the average height of the vehicle body relative to 
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the respective pair of orthogonally adjacent wheels, and adjustment means 
15 operable in response to variation of said determined average heights from a 
respective preset datum height for each said pair of wheels to adjust the quantity 
of fluid in said circuits communicating with the rams of said orthogonally 
adjacent wheels to establish said preset datum height between the orthogonally 
adjacent wheels and the vehicle body at said selected locations. 

20 

2. A vehicle suspension system according to claim 1, wherein 
the control means is adapted to receive said signals from each said sensor 
means, and to independently compare the average height of each orthogonally 
adjacent wheel with the preset datum height of said two wheels in a preset 

25 sequence. 

3. A vehicle suspension system according to claim 1 or 2, 
wherein the adjustment means is arranged to operate to individually adjust the 
volume of fluid in the respective fluid circuits connecting the diagonally opposite 
front and rear wheels to provide the required positional location of the body 

30 relative to the wheels. 
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4. A vehicle suspension system according to any one of the 
preceding claims, wherein a said respective sensor means is provided to sense 
the position of each wheel relative to the vehicle body and provide an input to 
the control means indicative of that positional relationship. 

5 

5. A vehicle suspension system according to any one of the 
preceding claims, wherein the preset datum height is adjustable. 

6. A vehicle suspension system according to any one of the 
10 preceding claims further including a load distribution means operably interposed 

between the fluid circuits and adapted to at least substantially equalise the 
pressure in said fluid circuits and thereby at least substantially equalise the 
loading on each wheel, the load distribution means having a body supporting at 
least one displaceable member, the displacement of said displaceable member 

15 being a function of the average height of each pair of diagonally opposite 
wheels, wherein a further sensor means is provided for generating a signal 
indicative of the positional relation of the at least one displaceable member 
relative to the body of the load distribution means, the control means being 
adapted to receive the signal from the further sensor means and to determine 

20 and compare the said average height with the position of the displaceable 
member, the adjustment means adjusting the quantity of fluid in the fluid circuits 
to return the position of the displaceable member to an optimum position for 
facilitating the load equalisation on each of the wheels. 

25 7. A vehicle suspension system according to claim 6, wherein 

the body of the load distribution means includes at least two chambers, each 
chamber supporting a said displaceable member in the form of a piston rod 
carrying a piston separating the chamber into inner and outer minor chambers, 
the minor chambers being in fluid communication with opposing said fluid 

30 circuits, whereby any pressure differential between the fluid in the minor 
chambers results in displacement of the piston rod! 
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8. A vehicle suspension system according to claim 7, wherein 
the piston rods of each chamber are operably interconnected to transfer force 
therebetween. 

5 9. A vehicle suspension system according to claim 7, wherein 

the piston rods are separately movable, a separate said further sensor means is 
provided for each said piston rod to enable the control means to determine the 
relative position of each piston rod, the outer minor chambers of each chamber 
being in fluid communication to enable the adjustment means to adjust the fluid 
10 within each said outer minor chamber to thereby control the relative position of 
the piston rods. 
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preceding claims, wherein the adjustment means includes pump means and 
1 5 valve means controlled by the control means for supplying or withdrawing fluid 
from selected fluid circuits to effect the necessary adjustment to the position of 
the wheels relative to the vehicle body to achieve the necessary correct average 
height corresponding to the relevant datum height. 



20 11. A vehicle suspension system according to claim 10, 

including pressure transducers located on at least one of the conduit means and 
between the pump means and the valve means for providing signals to the 
control means and between the pump means and the valve means for providing 
signals to the control means to thereby prevent any unnecessarily high pressure 

25 in the system. 



12. A vehicle suspension system according to any one of the 
preceding claims, further including at least one accumulator in each fluid circuit. 

13. A vehicle support system according to any one of the 
30 preceding claims, wherein the control means includes a plurality of operational 

modes providing differing rates of adjustment in dependence on the variance of 
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the vehicle from the preset datum height and the operational status of the 
vehicle. 

14. A vehicle support system according to any one of the 
5 preceding claims, further including lock out valve means located in at least one 
of the conduit means for selectively preventing flow of fluid therethrough. 
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